Biological activity of lipopeptides was hardly affected by the LPSneutralizing antibiotic polymyxin B (PMB), and the biophysical interaction characteristics were found to be in sharp contrast to that of LPS with PMB. The analytical data show that our concept of 'endotoxic conformation', originally developed for LPS, can be applied also to the investigated lipopeptides, and suggest that the molecular mechanisms of cell activation by amphiphilic molecules are governed by a general principle.
Beside lipopolysaccharides (LPS, endotoxin) 1 which are the major amphiphilic components of the outer membrane of Gramnegative bacteria, other amphiphilic molecules such as lipoproteins and lipopeptides (LP) are found in the cell wall of a large number of microorganisms, including Gram-negative as well as Gram-positive bacteria, mycobacteria, mycoplasms, and spirochetes (1) (2) (3) (4) (5) . Like LPS these molecules can be potent activators of lymphocytes and macrophages and give danger signals to the infected host (6;7) . A variety of biological activities have been described for native LP as well as for synthetic LP based on the highly conserved lipopeptide moiety of Braun's lipoprotein derived from Escherichia coli (8) . The innate immune system plays an essential role in the host defense against bacterial infection. Recognition of bacterial virulence factors is mandatory for the initiation of an inflammatory and anti-bacterial immune response. Bacterial compounds such as LPS and lipoproteins are recognised by type-I transmembrane proteins of the Toll-like receptor (TLR) family (9) . Of the more than ten known TLRs, several have been found to participate in the recognition of microbial infections. TLR4 initiates cell activation by LPS in concert with the extracellular protein MD-2 (10-12). TLR4/MD-2 has been found to associate in complexes that include a variety of accessory proteins such as CD14, CD11/CD18, CD55, hsp70, hsp90, GDF5, and CXCR4 (13) (14) (15) (16) (17) (18) (19) (20) , MOESIN (21) , the potassium channel MaxiK (22) , and a membrane-associated form of LBP (mLBP) (23;24) . For TLR2 a variety of different ligands has been described including lipoteichoic acid, lipoarabinomannan, bacterial lipoproteins/lipopeptides, and also some LPS variants from Gram-negative bacteria, yeast, spirochetes, and fungi (25) . TLR2 has also been shown to associate with coreceptors (26) . Together with Dectin-1 it recognizes infections by yeasts (27;28) and mycobacteria (29) . Via heteromeric receptors complexes with TLR1 and 6, TLR2 also recognizes a variety of bacterial lipopeptides (30) (31) (32) . Only recently, it was suggested that CD36 may have a role in the recognition of the diacylated bacterial lipopeptide MALP-2 (33) .
As far as the structural prerequisites for bioactivity of lipopeptides are concerened, it has been shown that tripalmitoyl-S-glyceryl-L-CysSer-Lys-Lys-Lys-Lys (Pam 3 CSK 4 ) was highly active, whereas the natural dipeptide part of the outer membrane lipoprotein, tripalmitoyl-Sglyceryl-L-Cys-Ser (Pam 3 CS), only has a low activity (34, 35) . It is known for many amphiphilic molecules like phospholipids and glycolipids that physical parameters are strong determinants of biological activity: Above a certain threshold concentration, i.e. the critical micellar concentration (CMC), these molecules form aggregates in aqueous dispersions, which may adopt different phase states: an ordered gel phase where the acyl chains are in the all-trans (zig-zag) conformation, and a liquid crystalline phase, where the chains are disordered as a result of the introduction of gauche conformers. Between these phases a reversible first order transition takes place at a lipid-specific temperature. Furthermore, the type of aggregate structure, uni-and multilamellar, cubic direct or inverted, hexagonal H I or inverted H II may play a decisive role in biological systems (36) . It has been shown for LPS and its lipid moiety, lipid A, the endotoxic principle of LPS (37) , that the aggregation type is essential for the expression of bioactivity, and that the state of order of the acyl chains may be a modulator of bioactivity (38) (39) . For lipopeptides, only for the immunoadjuvants Pam 3 -L-Cys and Pam 3 -L-CysSer experimental data are available, indicating that these molecules form vesicular or tubular aggregates of different sizes in aqueous dispersion depending on the configuration of the glycerol moiety and the head group (40) . Furthermore, two Pam 3 Cys-peptides LP1 and LP2, characterized by fluorescence correlation spectroscopy, form large and highly heterogeneous aggregates where the smaller aggregates were shown to have higher bioactivity (unpublished observation).
To clarify the correlation between physicochemical characteristics and biological activities, we have investigated three selected lipopeptides with different cytokine-inducing activity, with strong agonistic as well as antagonistic activity in human mononuclear cells.
We have found that as in the case of endotoxins, the types of aggregate structures are important determinants of cytokine-inducing activity. Furthermore, we show that our concept of 'endotoxic conformation', which was shown to be applicable so far not only to LPS, but also to particular synthetic phospholipids (41;42), can also be extended to the lipopeptides. In addition, we present data showing that a biologically inactive lipopeptide which antagonizes cell activation by biologically active lipopeptides is also able to antagonize cell activation by LPS, supporting the broad validity of the conformation concept for agonistic as well as antagonistic activity. (43) (44) (45) . The synthesis and analysis of the lipolanthionine peptide are described elsewhere in detail (46) . The structural formula of the synthetic compounds dipalmitoyl-Sglyceryl-L-Cys-Ser-(Lys) 4 (Pam 2 CSK 4 ), tripalmitoyl-S-glyceryl-L-Cys-Ser-(Lys) 4 Reagents. Deep rough mutant LPS (Re LPS) was extracted from Salmonella enterica sv. Minnesota strain R595 according to the phenol/chloroform/petrol ether procedure (47) . The LPS preparation was lyophilized and used in the natural salt form. The chemical purity of the LPS preparation was confirmed by mass spectrometry. LPS was suspended in PBS (Biochrom, Berlin, Germany) by thorough vortexing. The suspensions were temperaturecycled at least twice between 4 °C and 56 °C, each cycle being followed by intense vortexing for a few min, and then stored at 4 °C for at least 12 h prior to measurement. Suspensions were aliquoted and stored at -20 °C. Phosphatidylcholine (PC), sphingomyelin (SM) and phosphatidylserine (PS) from bovine brain, and phosphatidylethanolamine (PE) from E. coli were purchased from Avanti Polar Lipids (Alabaster, AL, USA). All phospholipids were used without further purification. The fluorescent dyes N-(7-nitro-2,1,3-benzoxadiazol-4-yl)-PE (NBD-PE) and N-(rhodamine B sulfonyl)-PE (Rh-PE) were purchased from Molecular Probes (Eugene, OR, USA). Recombinant human LBP (456 amino acid holoprotein rLBP 50 ) in 10 mM HEPES, pH 7.5 was a kind gift of XOMA LLC (Berkeley, CA, USA).
EXPERIMENTAL PROCEDURES

Synthesis
Lipid sample preparation. All lipid samples were prepared as aqueous suspensions in 20 mM HEPES, pH 7. For this, the lipids were suspended directly in buffer, thoroughly vortexed, temperature-cycled three times between 5 and 70 °C to enable the formation of stable aggregates and then stored for at least 12 h before measurement. To guarantee physiological conditions, the water content of the samples was usually around 95 %. For preparations of liposomes from a mixture corresponding to the phospholipid composition of the macrophage membrane (PC, PS, PE, and SM in a molar ratio of 1:0.4:0.7:0.5), the lipids were solubilized in chloroform, the solvent was evaporated under a stream of nitrogen, and the lipids were resuspended in the appropriate volume of PBS pH 7.0 and temperature-cycled as described above. Electron microscopy (kindly performed by H. Kühl, Div. of Pathology, Forschungszentrum Borstel) revealed large multilamellar liposomes.
Activation of human mononuclear cells and macrophages. Mononuclear cells (MNC)
were isolated from human peripheral blood of healthy donors by the Hypaque-Ficoll gradient method and cultivated at 37°C with 6% CO 2 in teflon bags in RPMI 1640 medium (endotoxin ≤ 0.01 EU/ml, Biochrom, Berlin, Germany) containing 100 U/ml penicillin, 100 µg/ml streptomycin, 2 mM L-glutamine, and 4% heat-inactivated human serum type AB from healthy donors. Cells were cultured in the presence of 2 ng/ml M-CSF for 7 days to differentiate monocytes to macrophages. To determine cytokine induction after cell stimulation, MNC were seeded at 200 µl aliquots of a suspension of 5·10 6 cells/ml and macrophages were seeded at 1·10 6 cells/ml in 96-well tissue culture dishes (Nunc, Wiesbaden, Germany) in RPMI 1640 medium containing 100 U/ml penicillin, 100 µg/ml streptomycin, 2 mM L-glutamine, with or without 4% human serum and stimuli were added as indicated in the respective experiment. Cell-free supernatants were collected 4 h after stimulation and stored at -20 °C until determination of cytokine content. Data shown are mean and standard deviation (±SD) of triplicate samples of one experiment and representative of at least three independent experiments.
Antagonistic action of the inactive lipopeptide.
Inactive lipopeptides, i.e. compounds which did not induce any cytokines in human mononuclear cells, were investigated with respect to their ability to block the LPSinduced TNFα-production in human macrophages. For this, LPS Re from S. minnesota R595 was prepared at three concentrations 0.5, 1, and 5 ng/ml, and the agonistically inactive lipopeptide was added at a concentration of 1 µg/ml, and the TNFα production of the macrophages was determined.
Transient transfection and stimulation of HEK293 cells. HEK293 cells were plated at a density of 1.5·10 5 cells/ml in 96 well plates in DMEM supplemented with 10% FCS, 0.5 units/ml penicillin, and 0.5 µg/ml streptomycin. The following day, cells were transiently transfected using Polyfect (Quiagen, Hilden, Germany) according to the manufacturer's protocol and plasmids containing huTLR4, huMD2 and/or huCD14 as described elsewere (30) . After 6 h of transfection cells were washed and stimulated with LPS at the indicated concentrations in the absence or presence of 10µM lipolan for further 24 h. Cell-free supernatants were collected and stored at -20 °C until determination of cytokine content. Data shown are mean and standard deviation (± SD) of triplicate samples of one experiment and representative of at least three independent experiments.
Cytokine determination. Human TNFα was determined in pooled cell-free supernatants of stimulated cells by sandwich ELISA using monoclonal mouse antibody against human TNFα  and POD-conjugated rabbit anti-human TNFα antibody, respectively (Intex, Muttant, Switzerland) as stated in detail elsewhere (48) . Human IL-8 was determined by sandwich ELISA using IL-8 cytoset from Biosource (Solingen, Germany) exactly according to the manufacturer's protocol. Data shown are mean ± SD of triplicate samples of one representative experiment.
Fluorescence resonance energy transfer spectroscopy. The fluorescence resonance energy transfer (FRET) technique was used as a probe dilution assay (49) 4 , and lipolan (concentration 1 µM) were added to liposomes after 50 s. Since FRET spectroscopy is used here as a probe dilution assay, intercalation of unlabeled molecules causes an increase of the distance between donor and acceptor and, thus, leads to a reduced energy transfer. This again causes an increase of the donor and decrease of the acceptor intensities. For a qualitative analysis of experiments, the ratio of the intensities of the donor dye and the acceptor dye are plotted against time (denoted in the following as the FRET signal). The data shown are representative for three independent experiments.
FTIR spectroscopy. The infrared spectroscopic measurements were performed on an IFS-55 spectrometer (Bruker, Karlsruhe, Germany). For phase transition measurements, the lipid samples were placed between CaF 2 windows with a 12.5 µm teflon spacer. Temperature-scans were performed automatically between -10 and 70 °C with a heating rate of 0.6 °C/min. Every 3 °C, 50 interferograms were accumulated, apodized, Fourier-transformed, and converted to absorbance spectra. For the identification of particular functional groups, infrared spectra of the lipopeptides at 95 % water concentration were analysed. The vibrational bands typical for the hydrophobic region (symmetrical and antisymmetrical) ν s and ν as stretching vibration of -CH 2 -groups around 2920 and 2850 cm -1 , respectively, in the IR-spectra of lipopeptides are sensitive markers of acyl chain order.
X-ray diffraction. X-ray diffraction measurements were performed at the European Molecular Biology Laboratory (EMBL) outstation at the Hamburg synchrotron radiation facility HASYLAB using the SAXS camera X33 (50) . Diffraction patterns in the range of the scattering vector 0.1 < s < 1.0 nm -1 (s = 2 sin θ/λ, 2θ scattering angle and λ the wavelength = 0.15 nm) were recorded at 40°C with exposure times of 1 min using an image plate detector with online readout (MAR345, MarResearch, Norderstedt, Germany). The s-axis was calibrated with Ag-Behenate which has a periodicity of 58.4 nm. The diffraction patterns were evaluated as described previously (51) assigning the spacing ratios of the main scattering maxima to defined three-dimensional structures. The lamellar and cubic structures are most relevant here. They are characterized by the following features: In the case of very weak diffraction maxima resolution enhancement techniques were applied, in particular Fourier-self deconvolution as described by Kauppinen et al (52) . (Fig. 2) . Clearly, LPS Re is active down to 100 pg/ml, whereas the lipopeptides are active at least down to 10 ng/ml. The lipolanthionine peptide lipolan was completely inactive with respect to cytokine induction up to a concentration of 10 µg/ml (data not shown). (46) . Since we did not observe any biological activity of lipolan in human mononuclear cells, we investigated the antagonistic activity of this TLR2-inhibitor with respect to stimulation by LPS (Fig. 3) . Using human macrophages differentiated from peripheral blood mononuclear cells, we show here, that lipolan is also able to antagonize cell activation by LPS in human macrophages, as shown by the reduction in TNFα production in the presence of lipolan.
RESULTS
Induction of tumor-necrosis-factor-α (TNFα
Antagonistic activity of lipolan does not depend on TLR2. Cell activation by LPS depends on the presence of TLR4/MD-2 whereas lipopeptides induce cell activation via TLR2/TLR1 or TLR2/TLR6 heterodimer complexes (31) . In order to get information concerning the involvement of TLRs in the antagonistic activity of lipolan against LPS we used the defined HEK293 cell transient transfection system. HEK293 cells were transiently transfected with TLR4/MD-2 and the coreceptor CD14 and subsequently stimulated with LPS in the absence or presence of compound lipolan. Cell activation was determined by measuring IL-8 production from the cells. An inhibition of IL-8 secretion from HEK293-TLR4/MD-2/CD14 cells was observed in the presence of lipolan, suggesting that TLR2 is not necessary for the inhibitory effect of lipolan on cell activation by LPS (Fig. 4) . In control measurements, lipolan did not affect cell stimulation with TNFα suggesting that the lipopeptide did not exhibit toxic side effects.
Intercalation of lipopeptides into target cell membranes. FRET spectroscopy was applied to find out whether the lipopeptides are able to incorporate into artificial liposomes PL Mφ made from a composition characteristic for the phospholipid composition of macrophages. Indeed, the lipopeptides are able to intercalate into the liposomes spontaneously (Fig. 5) , i.e., without a transport protein such as lipopolysaccharide-binding protein (LBP), which is necessary for the intercalation of LPS (49;53). Interestingly, the TLR2-inhibitory compound lipolan incorporates much better than the two TLR2-dependent active lipopeptides. The addition of LBP at t =100 s did not lead to any further increase of the FRET signal, indicating that LBP is not a transport protein for the lipopeptides (data not shown).
Interaction of lipopeptides with polymyxin B. The decapeptide polymyxin B (PMB) is a well-known inactivator of endotoxin activity (54) . We have found, that concomitantly with this inhibition, PMB leads to a drastic fluidization of the acyl chains of LPS (55) . We have tested the fluidity of Pam 3 CSK 4 in the absence and presence of PMB, using the peak position of the symmetric stretching vibrational band at 2850 cm -1 as measure of lipid order (Fig.  6A) . The data for the pure lipopeptide Pam 3 CSK 4 are indicative of a broad gel to liquid crystalline phase transition with a midtemperature around T c = 35°C. Addition of PMB leads to a drastic increase in the T c -value (to around 50°C) with a sharpening of the transition. Accompanied by this is the strong decrease of the fluidity at 37°C, as deduced from the decrease of the wavenumbers (see arrow in Fig  6A) . This is the opposite of what has been reported for LPS, for which PMB induces a considerable fluidization (55) .
We have furthermore tested the ability of PMB to influence the cytokine-inducing capacity of Pam 3 CSK 4 . Fig. 6B shows that at the two higher Pam 3 CSK 4 / PMB ratios there is a slight inhibition of the cytokine response. At the lowest ratio, however, there is no significant change. It can thus be concluded that there is little or no inhibition of the biological activity of the lipopeptides by PMB.
Aggregate structures of lipopeptides. All three lipopeptides were investigated by using synchrotron radiation small-angle scattering (SAXS) to elucidate their three-dimensional aggregate structures (Fig. 7) . The data for the two TLR2-active lipopeptides Pam 2 CSK 4 and Pam 3 CSK 4 ( Fig. 7A and B) are indicative for a complex non-lamellar structure. In both cases, however, the measured peak maxima are in a defined numerical ratio: for example, the reflections at 9.11 , 7.63 , 6.33 , 5.10, 4.55, 3.82, and 3.29 nm for Pam 2 CSK 4 can be grouped according to 1/√3, 1/√4, 1/√6, 1/√9, 1/√11, 1/√16, and 1/√22 of a periodicity at a Q =15.5 ± 0.3 nm. Thus, an unequivoal assigment to the cubic phase of space group Q 224 (56) is possible. The patterns for Pam 3 CSK4 can be assigned similarly: by assuming a Q = 12.5 ± 0.3 nm, the small reflections superimposed on a broad intensity maximum can be grouped according to 1/√2, 1/√3, 1/√4, 1/√6, √8, and 1/√10 of the periodicity a Q , again allowing an assignment to Q 224 . In contrast, the inhibitory lipolanthionine peptide (2R,6R)-Pam 2 LanHda-Ser-(Lys) 4 -NH 2 (lipolan) has a rather simple diffraction pattern (Fig. 7C) , which can readily be interpreted as resulting from a multilamellar structure with a periodicity a l = 6.30 nm and two further reflections at equidistant ratio a l /2 and a l /3.
DISCUSSION
Lipopeptides are produced by a broad variety of pathogenic microorganisms and have long been known as inducers of innate and adaptive immune responses by host lymphocytes. They have the capability to stimulate antigen-presenting cells, and these adjuvant effects have recently become important for the development and improvement of vaccines (41) . Investigations in the bioactivity and the TLR2/1/6 requirement of a broad panel of synthetic lipopeptides have provided information on the chemical basis of cell activation by lipopeptides (30;31;57) . However, in contrast to the well investigated lipopolysaccharides from Gram-negative bacteria, still very little is known about the molecular basis of lipopeptide recognition. The present paper is the first combined systematic physicochemical and biological analysis of lipopeptide structures from bacterial lipoproteins. There are considerable differences in the chemical structures between LPS and lipopeptides. The investigated LP compounds have a positively charged peptide backbone instead of the negatively charged sugar moiety of lipid A and only two or three acyl chains instead of six acyl chains in those lipid A expressing high biological activity. Nevertheless, we found some striking similarities to LPS: The lipopeptides showed high cytokine-inducing ability ( Fig. 2) and had a strong preference to adopt cubic structures (Fig. 7A,B ), in particular with space group Q 224 (also called Pn3m (56)), which has also been reported for lipid A (51). In contrast, the lipolanthionine peptide (2R,6R)-Pam 2 LanHda-Ser(Lys) 4 -NH 2 (lipolan) was found to adopt a lamellar aggregate structure (Fig. 7C) and as expected did not show cell activation analogously to what has been described for lamellar lipid A structures (38) . Furthermore, in analogy to the potent endotoxin antagonist compound 406, a synthetic tetraacyl lipid A which assumes a lamellar structure (58), the lamellar compound lipolan was found to antagonize cell activation by LPS. Although lipolan has been described as an inhibitor for the TLR2-dependent cell activation by lipopeptides (46) , the observation that this compound also antagonizes LPS was surprising. When we investigated the TLR-dependence of the inhibition of cell activation by LPS it turned out that the antagonistic activity was independent of TLR2 ( Fig. 3) , suggesting that besides TLR2-interaction other molecular mechanisms might hold true.
The structural and biological data are very surprising in view of the chemical structures of the compounds (Fig. 1) . According to the shape concept of Israelachvili (36), who described the aggregate structures of amphiphiles on the basis of the ratio of the crosssections of the hydrophilic and hydrophobic moiety, respectively, compounds with a higher value of the former should assume micellar or lamellar structures, in the inverse case nonlamellar cubic or H II structures. The hydrophobic moiety of Lipolan, which has three alkyl chains (2xC 12 , 1xC 16 ), can be expected to be larger than that of Pam 2 CSK 4 which has two C 16 acyl chains, while the cross-sections of the hydrophilic moieties should be similar. One would thus have expected a stronger tendency towards an inverted cubic structure for Lipolan than for Pam 2 CSK 4 but the experimental results prove the opposite. From these data it can be concluded that when using the geometrical model of Israelachvili one may have to take into account, different water binding capacities in the head groups and the influence of the counterions, for example, but these cannot be readily be deduced from the primary chemical structures.
An important aspect of cell activation by LPS is its transport by the serum-protein LPSbinding protein (LBP) to the surface antigen CD14 on myelomonocytic cells and the transport and intercalation into target cell membranes (49;53;59) . Investigation of the interaction of lipopeptides with phospholipid liposomes as a model for the lipid matrix of the cytoplasmic membrane showed that these compounds intercalate by themselves into phospholipid membranes (Fig. 5) , whereas for endotoxins (agonistic as well as antagonistic structures) the transport protein LBP is necessary. The membrane activity of the lipopeptide lipolan might be the key to their antagonistic activity towards the TLR4-ligand LPS as the intercalated acyl-chains of the lipopeptide might diffuse laterally to membrane proteins and thus interfere with assembly and signal transduction by the TLR-receptor complexes. It has been reported (60) that cell activation by di-and triacylated lipopeptides can be enhanced in the presence of LBP, suggesting that LBP might nevertheless play a role in lipopeptide cell activation. A recent publication (33) showed that the surface antigen CD36 is involved in the recognition of the diacylated lipopeptide MALP-2, however, cell activation by the triacylated Pam 3 CSK 4 appeared to be independent of CD36. The authors suggest that CD36 functions analogously to CD14 by concentrating lipopeptides on the cell surface. Whether this involves transport by serum-proteins such as LBP remains to be elucidated.
The importance of membrane binding of lipopeptides was demonstrated previously by Boncheva et al. (61) who investigated the behaviour of a triacylated lipopeptide in phosphatidylcholine liposomes and monolayers. They found complete flexibility of the peptide part, thus enabling it to interact with the environment such as antibodies. Wolf et al. (62; 63) applied electron energy loss spectroscopy to study the interaction of cells with lipopeptides Pam 3 Cys-Ser and fluorinated derivatives. They observed a distribution of the lipopeptides in different cell compartments, in particular also in the plasma membranes of macrophages and lymphoid cell lines. These data were supported also by findings with ultrathin cryosections of macrophages derived from bone marrow (64) . The interaction of Pam 3 Cys peptides was also investigated using spin labels and fluorescent markers with phosphatidylcholine and immune cells (65) . It was found that the lipopeptide incorporates into the vesicles and cells, with exposure of the peptide moiety to the hydrophilic compartment and the Pam 3 Cys part as membrane anchor. This membrane intercalation of the lipopeptide was assumed to be an early step of interaction and subsequent stimulation of immunocompetent cells, which is in complete accordance to the findings presented here.
The behavior of lipopeptides with PMB is completely different from that of endotoxins. In contrast to the fluidization observed when PMB interacts with endotoxins (55;66), PMB clearly causes a rigidification of the acyl chains of the lipopeptide (Fig. 6A) . If at all the bioactivity of the lipopeptide, is only very slightly reduced by PMB (Fig. 6B ) in contrast to the massive reduction with endotoxins (54) . These findings may be related to the positive charge of the lipopeptides, opposed to the negative charges of endotoxins. An interaction of the lipopeptides with the positively charged PMB could work via bridging of negative counterions (Cl -), which in fact results in the change of the phase transition shown in Fig. 6A ; in this interaction the aggregate structure of Pam 3 CSK 4 is, however, not changed into a multilamellar structure, which has been found to be a necessary step for the inactivation for endotoxins (55) .
Our data provide a physicochemical characterisation of synthetic analogues of lipoprotein N-termini and reveal that molecular and supramolecular conformations are important determinants for their bioactivity. This refers in particular to the structural prerequisites for agonistic or antagonistic activity. In addition, we found some striking characteristics of the interaction of lipopeptides with lipid membranes and their interaction with the antibiotic PMB, which are in sharp contrast to what has been described for LPS.
Only recently, a mutant of Staphylococcus aureus defective in the synthesis of lipopeptides was described (3). Isolation of lipoteichoic acid (LTA) from these mutants resulted in a preparation which was dramatically attenuated in its biological activity compared to LTA preparations from wild type strains. The authors concluded that not LTA but lipoproteins are the dominant immunobiologically active compounds in cell wall preparations of S.aureus. These findings once more underline the importance of lipopeptides as immunostimulatory active microbial compounds. The molecular principles underlying lipopeptide recognition are crucial for an understanding of the role of these molecules in health and disease. Human macrophages were incubated with the biologically inactive lipolanthionine peptide lipolan at a concentration of 1 µg/ml for 30 min. Subsequently, LPS was added at the indicated concentrations, and cells were stimulated for 5 h before supernatants were harvested for the determination of TNFα. Data shown are mean (± SD) from one representative experiment out of three and the error bars result from the determination of TNFα in triplicate.
FIGURE 4:
Antagonistic activity of synthetic lipolanthionine peptide does not depend on TLR2. HEK293 cells were transiently transfected with plasmids coding for huTLR4, huMD2, and huCD14 and incubated for 6 h to allow heterologous expression of the receptor proteins. Subsequently, cells were left unstimulated or stimulated with LPS (1 µg/ml) or TNFα (10 ng/ml) in the absence or presence of lipolan (10 µM). After 24 h, supernatants were collected for the determination of the chemokine IL-8. Data shown are mean ± SD of triplicate samples of one experiment representative of at least three independent experiments. * p < 0.05 (p-value determined by students t-test). 
